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Phase-locked oscillation circuit system with measure against shut-off of Input clock. 



A priai*. -locked oscillation circuit systenn divides 
a ciwrfci w'lose frequency is an integral nnulttple of 
a sijnai (O) produced by dividing the frequency of 
ciri r-jpui (.lock (a). While the input clock (a) to the 
ujfLuii thu: u(l. a phase comparator (302) included 
HI Uwj ^ircuii li bupplied with a reference signal (c) 
v\»iich :s \Ukj signal being applied to the compare 



input of the comparator and the timing of which is 
modified by a small amount. The system protects 
the output of a voltage controlled oscillator (304) 
and, therefore, the output clock (d) of a phase-locked 
oscillation circuit thereof against disturbances ascrib- 
able to the shut-off and recovery of an input ciock. 
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Fig 3 
Fig 5A 
Fig 3B 
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tion to provide a phase-locked oscillation circuit 
system which outputs a clock of desired frequency 
in response to, a clock including jitter and wander 
and can reduce the fluctuation of Ihe output fre- 
5 quency thereof even when the input clock is shut 
off and then recovered. 

It is another object of the present invention to 
provide a generally improved phase-locked oscilla- 
tion circuit system with a measure against the shut- 
10 off of an input clock. 

In accordance with the present invention, a 
phase-locked oscillation circuit system having a 
phase comparator, a loop filter, a VOC and a 
frequency divider for outputting a clock whose fre- 
76 quency is an integral multiple of the frequency of a 
signal produced by dividing an input clock has a 
clock shut-off detector for detecting the shut-off of 
the input clock. Means is provided for delaying a 
first signal produced by dividing the frequency of 
20 the output of the VCO to a phase comparison 
frequency by a single delay element to thereby 
produce a second signal and delaying the first 
signal by two successive delay elements to pro- 
duce a third signal, inputting, while the clock shut- 
25 off detector does not detect the shut-off of the 
input signal, a frequency divided signal of the Input 
clock to the reference signal input of the phase 
comparator, and inputting, while the clock shut-off 
detector detects the shut-off. the first signal and 
30 third signal alternately to the reference signal input 
of the phase comparator, thereby feeding a pseudo 
reference signal to the phase comparator while the 
clock shut-off detector detects the shut-off. Also, 
means is provided for initializing, when the clock 
35 shut-off detector detects the recovery of the input 
clock, a frequency divider to which the input clock 
is applied by using the timing of the first signal, 
thereby forcibly causing the phase of the frequency 
divided signal of the input clock to coincide with 
40 the phase of the first signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 



BACKGROUND OF THE INVENTION 

The Present invention relates to a phase- 
locked oscillation circuit system for producing a 
clock whose frequency is an integral multiple of the 
frequency of a signal produced by dividing the 
frequency of an input clock. 

A conventional phase-locked oscillation circuit 
systerri is made up of two phase-locked oscillation 
circuits and which are interconnected in two 
stages. The oscillation circuits each has a phase 
comparator, a loop filter, a voltage controlled os- 
cillator (VCO), and two frequency dividers. In this 
kind of circuit system, the loop filter of the first 
stage is provided with extremely great time con- 
stant. Hence, even when the clock being inputted 
to the circuitry via an input terminal is shut off, the 
output of the first stage does not sharply change 
and, therefore, prevents the clock being outputted 
via an output terminal from undergoing a noticeable 
change. 

Another conventional phase-locked oscillation 
circuit system has a switch, a frequency division 
timing control circuit, a constant voltage source. 
.. and a clock shut-off detector in addition to a phase- 
locked oscillation circuit which is made up of a 
phase comparator, a loop filter, a VCO, and two 
frequency dividers. In such a configuration, when 
the clock shut-off detector detects the shut-off of 
the input clock, the switch is so controlled as to 
connect the input of the VCO to the constant volt- 
age source. As a result, the clock frequency ap- 
pearing on an output terminal is maintained con- 
stant. After the input clock has been recovered, the 
frequency division timing control circuit delivers the 
output of one of the frequency dividers to the other 
frequency divider only once to thereby coincide 
with each ph^se of the input signal to the phase 
comparator. At the same time, the switch is op- 
erated again to connect the input of the VCO to the 
loop filter, reestablishing lock rapidly. 

The problem with the two-stage oscillation cir- 
cuit scheme is that since the time constant of the 
loop filter is great, the interval between the time 
when the phase comparator is brought out of lock 45 
and the time when it regains lock is extremely long. 
The single-stage oscillation circuit scheme is not 
satisfactory for the following reason. Specifically, 
though the output clock frequency is fixed while the 
input clock is shut off, the output frequency is 50 
seldom the same before and after the shut-off. 
Then, the clock appearing on the output terminal 
fluctuates when the input clock is shut off and 
recovered. 

55 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present inven- 



The above and other objects, features and ad- 
vantages of the present invention will become more 
apparent from the following detailed description 
taken with the accompanying drawings in which: 
FIGS. 1 and 2 are block diagrams each showing 
a specific construction of a conventional phase- 
locked oscillation circuit system; 
FIG. 3 is a block diagram schematically showing 
a phase-locked oscillation circuit system em- 
bodying the present invention; 
FIGS. 4A-4L are timing charts showing signals 
appearing in various sections of the embodi- 
ment; and 

FIG. 5 is a block diagram schematically showing 
a specific construction of a phase comparator 
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included In the embodiment. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

To better understand the present invention, a 
brief reference will be made to a prior art phase- 
locked oscillation circuit system, shown in FIG. 1. 
As shown, the conventional circuit system is made 
up of two phase-locked oscillation circuits 100A 
and 100B which are interconnected in two stages. . 
The oscillation circuits 100A and 100B comprise 
respectively phase comparators 102 and 107, loop 
Mtors 103 and 108, VCOs 104 and 109. frequency 
dividers 101 and 106. and frequency dividers 105 
and no. The loop filter 103 is provided with an 
e xtremely great time constant. Hence, even when 
I'll- cicck being inputted to the circuitry via an input 
t- rrnincil IN ts shut off, the output of the frequency 
(liVMi. r 106 does not sharply change and, therefore, 
(►f.'v.'ni- thn clock being outputted via an output 
I rmin.ii OUT from undergoing a noticeable 

fiG 2 shows another conventional phase- 
I'Xk. ti oscilaiion circuit system. As shown, this 
oscillation circuit has a switch 205, a constant 
voMu'jt.- source 204, a clock shut-off detector 208, 
and a Irejucncy division timing control circuit 209 
in a«id«tiOM to a phase-locked oscillation circuit 200 
which IS made up of a phase comparator 202, a 
I.x>p liMtrr 203. a VCO 206, and frequency dividers 
201 arKJ 207 When the clock shut-off detector 208 
detects the shut-off of the input clock, the switch 
205 IS so controlled as to connect the input of the 
VCO 206 to the constant voltage source 204. As a 
result, the ck>ck frequency appearing on an output 
terminal OUT is maintained constant.- After the in- 
put clock has been recovered, the frequency di- 
vision timing control circuit 209 delivers the output 
of ine frequency divider 201 to the frequency di- 
vider 207 only once to thereby coincide with each 
phase of the input signal to the phase comparator 
202. At the same time, the switch 205 is operated 
again to connect the input of the VCO 206 to the 
loop filler 203. reestablishing lock rapidly. 

The problem with the circuitry of FIG. 1 is that 
since the time constant of the loop filter 103 is 
great, the interval between the time when the 
phase comparator 102 is brought out of lock and 
the time when it regains lock Is extremely long, as 
discussed earlier. The circuitry of FIG. 2 is not 
satisfactory for the following reason. Specifically, 
though the output clock frequency is fixed while the 
input clock is shut off.the output frequency is sel- 
dom the same before and after the shut-off. Then, 
the clock appearing on the output terminal OUT 
fluctuates when the input clock is shut off and 
recovered. 



Referring to FIG, 3. a phase-locked oscillation 
circuit system with a measure against the shut-off 
of an input clock embodying the present invention 
will be described. As shown, the circuit system, 

5 generally 300, has a frequency divider 301 to 
which an input or reference clock a is applied via 
an input terminal IN. A phase comparator 302 com- 
pares the phase of a reference signal c and the 
phase of a compare signal m which are selected 

10 by a first and a second selector 312 and 313, 
respectively. The output of the phase comparator 

302 is connected to* a loop filter 303 the output of 
which is in turn connected to a VCO 304. A fre- 
quency divider 305 divides the output frequency of 

IS the VCO 304. A clock shut-off detector 306 detects 
the shut-off of the input clock a. A D type flip-flop 
(DF) 308 has a clock input CK for receiving the 
output of an inverter 308 and a data input D for 
receiving a detection signal / from the clock shut- 

20 off detector 306. A delay circuit 310 delays the 
output signal h of an OR gate 309. An OR gate 31 1 
ORs the delayed signal from the delay circuit 310 
and the output signal of the OR gate 309. The 
output signal / of the OR gate 311 is fed to the first 

25 and second selectors 312 and 313 as a selection 
signal. A third selector 314 selects either one of the 
output signal e of the frequency divider 305 and a 
signal produced by delaying the signal e by two 
successive delay elements 316 and 317. Further, 

30 the signal delayed by the delay element 316 is 
applied to a fourth selector 315. The signal e from 
the frequency divider 305 is routed through a 1/2 
frequency divider 318 and a delay circuit 319 to 
produce a signal k. This signal k is applied to the 

35 third and fourth selectors 314 and 315 as a selec- 
tion signal. The output signal g of the D type flip- 
flop 308 is delayed by a delay circuit 320 and then 
inverted by an inverter 321. The signal g and the 
output signal of the inverter 321 are fed to an AND 

40 gate 322. The resulting AND from the AND gate 
322 is inputted to the reset terminal of the phase 
comparator 302. 

The reference clock a coming in through the 
input terminal IN is routed through the frequency 

45 divider 301 and first selector 312 to the phase 
comparator 302. As shown in FIG. 5 specifically, 
the phase comparator 302 has two D type flop- 
flops 501 and 502, an AND gate 503. and an OR 
gate 504 and compares the phases of the refer- 
so ence signal c and compare signal m at their 
positive-going edges. The output of the VCO 304 
has the frequency thereof divided by the frequency 
divider 305 and then applied to the phase com- 
parator 302 via the second selector 313. In prac- 

55 lice, the phase comparator 302 and the loop filler 

303 are interconnected in the configuration shown 
in FIG. 5. The phase comparator 302 compares the 
reference signal c shown in FIG. 4C and selected 

4 
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by the first selector 312 and the compare signal m 
shown in FIG. 4K and selected by the second 
selector 313 with respect to phase, delivering the 
result of comparison as a pulse signal. Specifically, 
tfie phase comparator 302 outputs either one of 
pulse signals p and q, depending on the phase 
difference. The pulse signal p increases the output 
voltage r of the loop filter 303 while the pulse 
signal q reduces it. As the output r of the loop filter 
303 in the form of a voltage is applied to the VCO 
304, the VCO 304 outputs a clock whose frequency 
corresponds to the input voltage. The circuit sys- 
tem 300 operates in the above-described manner 
so long as the input clock a is applied via the input 
terminal IN. 

The operation of the system 300 which occurs 
or. the shut-off of the input clock a will be de- 
scribed with reference to FIGS. 4A-4L. When the 
clock shut-off detector 306 detects the shut-off of 
the clock a, the output f of the detector 306 goes 
high on the elapse of a predetermined period of 
time, as shown in FIG. 4E. Then, the output signal 
h of the OR gate 309 also goes. high, as shown in 
FIG. 4G. initializing the frequency divider 301. Sub- 
sequently, the output signal / of the AND gate 311 
is brought to a high level, as shown in FIG. 4H. As 
a result, the first selector 312 selects a signal /, 
FIG. 41, from the fourth selector 314 while the 
second selector 313 selects a signal / from the 
fourth selector 315. It should be noted that the 
second and fourth selectors 313 and 315 function 
to set up the same delay times as those of the first 
and third selectos 312 and 314, rather than to 
select signals. The signal e, FIG. 4D. from the 
frequency divider 305 is applied to the D type flop- 
flop 308 via the inverter 307. In response, the flip- 
flop 308 latches the high level of the signal FIG. 
4E, and outputs the signal g,. FIG. 4F. Conse- 
quently, the timing at which the level of the signal 
/i, FIG. 4G, should change is determined by the 
output signal e of the frequency divider 305. The 
signal g and the signal produced by routing the 
signal g through the delay circuit 320 and inverter 
321 are fed to the AND gate 322 which then 
produces a pulse signal n, FIG. 4L. This pulse 
signal n is adapted to reset the phase comparator 
302 only after the clock shut-off detector 306 has 
detected the shut-off of the clock a. Should the 
compare signal be applied to the phase comparator 
302 just after the shut-off of the clock a and just 
before the detection thereof, the phase comparator 
302 would fail to continue the comparison of the 
signals c and m properly. 

The third selector 314 receives the output sig- 
nal e of the frequency divider 305 and the signal 
which is the signal e having been delayed by the 
two successive delay elements 316 and 317. On 
the other hand, the 1/2 frequency divider 318 and 
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delay circuit 319 produce the signal k, FIG. 4J. As 
a result, the input signals to the selectors 314 and 
315 are selected alternately on the basis of the 
signal k. The resulting outputs / and / of the selec- 

5 tors 314 and 315 are fed to the selectors 312 and 
313, respectively. Hence, while the input clock a is 
shut off. the selector 312 selects the signal / as the 
output c thereof. Since the signal J alternately as- 
sumes a state which delays the phase relative to 

10 the phase of the signal m and a state which ad- 
vances the former relative to the latter. Conse- 
quently, even when the input clock is shut off, the 
reference signal c, FIG. 4C. and the compare sig- 
nal m, FIG. 4K, are continuously applied to the 

75 phase comparator 302 without interruption. More 
specifically, despite the shut-off of the clock a, the 
phases of the reference signal c and compare 
signal m are the same as before the shut-off, as 
viewed from the phase comparator 302 side. 

20 Therefore, the output frequency of the VCO X4 
remains the same. even after the shut-off of the 
clock a. 

When the clock shut-off detector 306 detects 
the recovery of the Input clock a after the shut-off. 

25 the output signal f thereof, FIG. 4E. goes low. 
However, the output signal g of the flip-flop 308 
goes low in synchronism with the negative-going 
edge of the signal e from the frequency divider 
305. as shown in FIG. 4F. Then, the output signal h 

30 of the OR gate 309, which is the OR of the signals 
f and g. goes low in synchronism with the signal g. 
as shown in FIG. 4G. On the change of the signal h 
from the high level to the low level, the frequency 
divider 301 starts operating by having the initialized 

35 State thereof cancelled. Since the signal h from the 
OR gate 309 is delayed by the delay circuit 310, 
the selector 312 selects the signal j as the output c 
thereof only once after the recovery of the input 
clock a and then selects the signal b. As a result, 

40 the reference signal c and compare signal m are 
continuously applied to the phase comparator 302 
even when the input clock a is recovered, prevent- 
ing the output clock d from being disturbed. 

In summary, the present invention protects the 

45 output Of a VCO of a phase-locked oscillation cir- 
cuit of the type described, i.e.. the output clock of 
the oscillation circuit against disturbances ascrib- 
able to the shut-off and recovery of an input clock. 
Specifically, while the input clock to the circuit is 

50 shut off. a phase comparator included in the circuit 
is supplied with a reference signal which is the 
signal being applied to the compare input of the 
comparator and the timing of which is modified by 
a small amount. 

55 Various modifications will become possible for 

those skilled in the art after receiving the teachings 
of the present disclosure without departing from the 
scope thereof. 
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Claims 



1. A phase-locked oscillation circuit system hav- 
ing a phase comparator, a loop filter, a voltage 
controlled oscillator (VCO), and a frequency 5 
divider for outputting a clock whose frequency 
is an integral multiple of the frequency of a 
signal produced by dividing an input clock, 
said system comprising: 

clock shut-off detecting means for detect- 70 
Ing the shut-off of the input clock; 

means for delaying a first signal produced 
by dividing the frequency of the output of said 
VCO to a phase comparison frequency by a 
single delay element to thereby produce a 75 
second signal and delaying said first signal by 
two successive delay elements to produce a 
third signal, Inputting, while said clock shut-off 
detecting means does not detect the shut-off 
of said input signal, a frequency divided signal 20 
of said input clock to a reference signal input 
of said phase comparator, and inputting, while 
said clock shut-off detecting means detects the 
shut-off, said first signal and said third signal • 
alternately to said reference signal input of 25 
said phase comparator, thereby feeding a false 
reference signal to said phase comparator 
while said clock shut-off detecting means de- 
tects the shut-off; and 

means for initializing, when said clock 30 
shut-off detecting means detects the recovery 
of the input clock, a frequency divider to which 
said input clock is applied by using the timing 
of said first signal, thereby forcibly causing the 
phase of said frequency divided signal of said 35 
input clock to coincide with the phase of said 
first signal. 
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